Abstract-This article describes an inexpensive elastic head support for persons with amyotrophic lateral sclerosis (ALS) and neck muscle weakness and also presents a case series to examine its effectiveness. The device offers support to the head while the user is seated, standing, and walking, providing support for persons in various stages of ALS. The head support system was tested in seven male patients with ALS. Before and after the 2 wk trial, the subjects answered questions related to their communication efficacy, difficulty swallowing, level of neck discomfort, number of hours being upright before neck discomfort, comfort in social settings, and rating of perceived dyspnea. Subjects also answered specific questions related to the elastic head support after the 2 wk trial. The results suggested that the elastic head support is useful for some, but not all, patients.
INTRODUCTION
Numerous head support systems (cervical orthoses) are available for persons with neck muscle weakness or cervical injuries. These systems are sometimes used by persons with amyotrophic lateral sclerosis (ALS) who have lost strength in the neck extensors or who experience neck muscle fatigue or soreness [1] . Some cervical orthoses provide support that is excessive for persons with neck muscle weakness (e.g., sternal occipital mandibular immobilizer) or provide support only when seated in a wheelchair. Other simple systems exist, such as a neck collar or Headmaster Collar, that can be used during seated or standing postures. However, these systems hold the chin and can restrict activities such as eating, talking, or turning the head. Over extended periods of time, the pressure on the chin can also become uncomfortable.
The purpose of our project was to design and test a simple head support system that could be used for seated and upright postures (standing or walking) and would not interfere with the user's chin. The project was motivated by a perceived need for simple head support systems for persons with ALS, although the device may be useful for other persons with neck muscle weakness or fatigue. We hypothesized that the new design would be perceived as useful by ALS patients with neck muscle weakness and would be preferred over other devices they were using (when applicable). We also collected pilot data on other outcomes that could be affected by using the device: eating and swallowing, perceived feeling of breathlessness, and communication efficacy.
During the conduct of our study, we became aware of a similar head support system named the "baseball cap orthosis" [2] . Comparison with the baseball cap orthosis is discussed, including perceived advantages and disadvantages of the two approaches. To our knowledge, neither of these devices has previously been tested in persons with ALS. 
METHODS

Design of Elastic Head Support System
The elastic head support system used in this study comprised an elastic strap connecting the back of the pants to the back of a baseball cap (Figure 1) . For our study, we used a 2 in.-wide neoprene strap with a Velcro ® pile on one side and a rubber core (Item A8105, Patterson Medical; Bolingbrook, Illinois) anchored to the belt or pants to provide the elastic support. The baseball caps had Velcro closures in the back with enough strength to hold together when subjected to sufficient tension to support the weight of a person's head. The neoprene strap was 1/8 in. thick and 2 in. wide and initially cut to a length of approximately 36 in. One end of the neoprene strap was split in half ("Y" cut to create two sides 1 in. wide) for approximately 10 in. The 1 in. straps were either looped around the subject's belt or looped through 1 in. suspender clips that could be attached to the subject's pants or shorts. Two-sided pieces of Velcro hooks were created by sticking two adhesivebacked hook pieces together. These hook-to-hook pieces were used to create Velcro attachments at the connection of the strap to the hat and the connection with suspender clips (Figure 1) . The head support system can be used on the outside of the shirt (Figure 1) or underneath a shirt that is not tucked into the pants (Figure 2) .
Testing of Elastic Head Support System
ALS patients with neck muscle weakness or fatigue who were having difficulty maintaining their head position during activities of daily living and who were being considered for a head support system were recruited for the study. Research subjects first went through a consent process approved by the Minneapolis Department of Veterans Affairs (VA) Institutional Review Board. After Use of elastic head support system under shirt that is not tucked into pants. consent on the appropriate forms was documented, the cervical range of motion of the research subjects while in a seated position was measured using a microFET3 (Hoggan Health; Salt Lake City, Utah). Active range of motion was measured in both flexion and extension by using the manufacturer's recommended protocol. The passive range of motion was also measured for extension because the elastic head support is designed to assist in this direction. After completing the range of motion testing, the subjects went through the following standard questionnaires:
• Modified Borg Scale-Rating of Perceived Dyspnea [3] [4] [5] : Assesses the subject's perceived degree of breathlessness. The scale ranges from 0 (no breathlessness at all) to 10 (maximum breathlessness).
• Communication Effectiveness Scale for Individuals with ALS [6] : Assesses the subject's perceived difficulty with communication with others. The scale includes 10 questions about communication. The scale ranges from 1 (not understood) to 5 (effectively understood). The total score is the average of the responses (i.e., between 1 and 5).
• Eating Assessment Tool (EAT-10) [7] : Assesses the subject's perceived difficulty swallowing. The tool asks 10 questions about swallowing. The scale ranges from 0 (no problem) to 4 (severe problem). The total score is the sum of the responses (i.e., minimum of 0 and maximum of 40). The subjects were also given a custom questionnaire before using the device (Appendix 1, available online only). After the subjects filled out the questionnaires, they were fitted with the elastic head support system and allowed to leave. The subjects were instructed to use the elastic head support whenever they wanted (i.e., whenever they felt it would be useful). For ecological validity of the study, the subjects were also encouraged to use other head support systems they already had during the same time if they preferred.
After 2 wk, the research subjects returned to the medical center and answered the same questions from the first visit (Rating of Perceived Dyspnea, Communication Effectiveness Scale, EAT-10, and questionnaire in Appendix 1), as well as additional questions related specifically to the elastic head support (Appendix 2, available online only). In addition to the structured questions, the research subjects were encouraged to provide any other feedback they thought would be useful for future users of the elastic head support.
RESULTS
Seven men with ALS were recruited for the study and were fitted with the elastic head support system. Six of the subjects completed the 2 wk trial and returned for the follow-up visit. One of the subjects did not return for the 2 wk follow-up visit, but provided some limited feedback on the telephone. This subject (S4) had a large lateral tilt of his neck and did not find the elastic head support to be useful for his condition. The remaining sections describe the results of the six subjects that finished the 2 wk trial.
Subject S6 was unable to speak because of ALS, but communicated using an eye gaze communication board with four messages for the subject to select (Yes, No, I don't understand, I have a question). Subject S6 also used an ABC eye gaze spelling board to provide summative feedback.
Cervical range of motion measurements showed reduced range of motion of the neck compared to within normal limits measurements (Table 1) ; however, all subjects had a range of motion that included a neutral flexion/ extension angle. Subjects presented with symptoms suggesting spinal (n = 2), bulbar (n = 2), and mixed (n = 2) onset of ALS ( Table 2) . Four of the six subjects were community ambulatory at the time of the study ( Four of the six subjects (S2, S3, S5, and S7) stated that they would recommend the elastic head support for others. Subject S2 had improvements in communication efficacy, eating and swallowing, hours of sitting prior to discomfort, and comfort in social situations ( Table 3) . He also had a reduction in his level of neck discomfort when using the elastic head support. Subject S2 had a slight increase in his level of breathlessness, from slight to moderate breathlessness, when using the elastic head support. Subject S2 rated the elastic head support at 10/10 ( Table 4 ) and stated "I love it!" Subject S2 did not rate other head support systems he had used, but stated that they did not work for him. Subject S3 also had improvements in communication efficacy, eating and swallowing, and hours of sitting prior to discomfort. Unlike subject S2, subject S3 experienced a reduction in breathlessness, from moderate to none, when using the elastic head support. Although the elastic head support provided benefits to subject S3, its use reduced his comfort in social situations on the 10-point scale (from 10 to 8). Subject S3 elaborated by stating, "I don't think it is appropriate to wear a hat in your house or in a restaurant." Although this rating was reduced, subject S3 indicated that the elastic head support did make him more comfortable in general, adding "It's a little easier to eat, too, and I don't end up with my chin on my chest at the end of the day." Subject S3 rated the elastic head support at 9/10, rating other systems much lower ( Table 4) . Subject S5 had a reduction in breathlessness, from moderate to none, when using the elastic head support. He also indicated a slight improvement in his comfort in social situations and in the number of hours of sitting prior to discomfort. Subject S5 did experience slightly more neck discomfort when using the elastic head support, although both levels (pre and post) were low. Subject S5 indicated that he had strength in the sides and back of his neck but not in the front and that the device pulled his head back during sitting. He found the device useful during walking, but not for eating or sitting. Subject S5 rated the elastic head support at 8/10, rating other systems much lower ( Table 4) . Subject S7 did not experience improvements in the outcome measures and had a slight reduction in his comfort in social situations. Subject S7 stated that the elastic head support was useful for watching television, but not useful for "normal activities" because it was pulling his head back too much, the suspender clips were bothering him, and the Velcro was not holding. Subject S7 also commented about the social stigma of wearing a hat indoors. Despite the difficulties subject S7 had with the elastic head support system, he would recommend it for others to try because it may help them. Two of the six subjects (S1 and S6) would not recommend the elastic head support for others. Subject S1 had increases in breathlessness, from none to slight, when using the elastic head support and also had a reduction in the hours of sitting prior to discomfort. Subject S1 rated the elastic head support at 0/10, stating that it provided the same support as his soft cervical collar, but that the pressure from the hat on his forehead was "unbearable." Subject S1 also mentioned that the elastic head support required more assistance in the bathroom than the soft cervical collar, which was difficult given the diminishing condition of his caregiver, and that it pulled his trousers up too high. Subject S1 rated the soft cervical collar at 5/10. Subject S6 had a slight increase in the number of hours of sitting prior to discomfort, but also experienced an increase in neck discomfort when using the elastic head support and a slight decrease in his comfort in social situations.
The most common reports of adverse reactions during use of the elastic head support were related to discomfort on the forehead, sometimes causing headaches. Padding was added to the brim of the baseball cap for some of the subjects in the follow-up session and that reduced the level of discomfort. Another negative aspect of using the elastic head support was difficulty toileting when the subject had reduced upper-limb function or when caregiver support was limited. 
DISCUSSION
Neck muscle weakness in patients with ALS can result in head drop (or involuntary anterior flexion of the neck). Patients presenting with this condition often complain of neck pain and stiffness due to an inability to hold their head up and maintain a neutral, upright position. Patients also report embarrassment regarding this compromised posture because they are often unable to make eye contact during conversation when their chin is on their chest. This study examined the potential benefits of using an elastic head support system, including possible effects on communication efficacy, swallowing function, and respiratory function.
The results of this study suggest that use of the elastic head support should be considered for management of head drop in patients with neck muscle weakness secondary to ALS. The device was found to be effective for some patients, but not for others. Two of the six subjects found that the device improved their communication efficacy at home and in the community. This improvement was attributed to improved posture, which allowed for better eye contact and visual cues for their communication partners attending to lip movement and facial expressions; increased breath support for speech production was also reported. Two of the six subjects reported that respiratory function declined from pretest to posttest, but the changes in this outcome were slight. It is possible that the elastic head support could cause shortness of breath if placed too tightly. A follow-up soon after applying the device could be helpful in correcting this and other issues. Further studies may wish to incorporate pulmonary function tests, which could be performed with the patient in and out of the device.
Although the data from this study are inadequate to provide specific prescription criteria for the device, they provide a first impression of patients who may or may not find the elastic head support useful as their primary head support system. Before fitting a patient with a device, clinicians should consider social views of wearing hats indoors, caregiver support, upper-limb function, and loose-fitting clothing. Patients who are very uncomfortable wearing hats indoors may not want to use the elastic head support as their only head support system. Patients with limited upper-limb function or limited caregiver support may find it difficult to remove the elastic head support for toileting. Additionally, loose-fitting pants are likely to cause discomfort when wearing the device because of a tendency for the pants to ride upward on the patient. The device is designed to work primarily in the sagittal plane and should be considered contraindicated for persons with large lateral tilting of the neck. Also, patients should be instructed to tighten the strap only enough to compensate for the weight of the head to avoid fatigue in neck flexors, shortness of breath, and/or neck pain from hyperextension. Additionally, the strap length should be set up to try and accommodate both sitting and standing. It is possible that the strap length should be adjusted slightly longer for sitting tasks. During fitting, the clinician should check the strap lengths for both sitting and standing and can place marks on the strap to indicate these settings for the patient or his or her caregiver. Also, it is possible that straps with more or less compliance than the ones used in this study would be more effective for certain patients. Lastly, a comfortable hat should be chosen and padding may be necessary between the hat and the forehead to prevent excessive pressure on the forehead. Periods of rest and/or alternating with other head supports may also be necessary.
Previous research [2] indicated that a baseball cap orthosis is effective for some patients in managing head drop. The intervention utilized a baseball cap with an adjustable buckle and an elastic band secured to the hat with Velcro, similar to our device. However, the baseball cap orthosis differed from our device in that it anchored the elastic band to a second band around the rib cage. When shown a picture of that orthosis, it was recognized as problematic by some of the subjects in our study because of the potential complications that could result from irritation (or even displacement) of percutaneous endoscopic gastrostomy tubes. Moreover, participants expressed concern about a strap around their rib cage because it could restrict breathing and exacerbate shortness of breath. However, a few patients indicated that the strap around the rib cage could make toileting easier. Both the baseball cap orthosis and our elastic head support are simple and inexpensive to make. Benefits and drawbacks of one design versus the other may need to be made clinically on a case-by-case basis.
The primary limitation of our study is the lack of comparative devices with similar trial periods. Future studies could provide multiple head support systems to patients simultaneously and have the subjects report on the systems that work best for their various activities of daily living or could supply different head support systems in a random order, with equal accommodation time for each device. The former approach may be preferred given the relatively low cost of these systems. It is highly likely that a combination of devices would provide the best care for patients, allowing them to change between different support strategies, especially as their disease progresses over time. An additional visit, shortly after providing the elastic head support, would be useful to make any necessary adjustments to the device (e.g., adjust strap length, add padding to hat).
CONCLUSIONS
The elastic head support system was effective for some, but not all, of the subjects in the study. The results of this study provide first impressions of the patients who may or may not benefit from use of the device as their primary head support system. For example, those who are socially comfortable wearing hats indoors, those with good upper-limb function or good caregiver support, and those who do not wear loose-fitting pants may find the elastic head support to be a highly useful head support system. Larger studies could help to establish clearer prescription criteria for the device. Given the low cost of materials and minimal time involved in fitting a patient with the device, clinicians should be able to try using the elastic head support for patients with neck extensor weakness on a caseby-case basis and/or as a supplement to other head support systems, in appropriately selected patients.
